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Introduction
A revised WID with objective related to SCell dropping was agreed in last RAN meeting [1]:
5) Specify the solution that prevent transmission power dropping on the cell with lower priority order for FR1 and FR2 CA
· The solution applies for both intra-band UL CA and inter-band UL CA within the same frequency range.
· Update RAN1, RAN2 specification on the impact of the solution if any

This contribution provides analysis on addressing the issue.
Discussion
Power scaling priority in TS 38.213 and discussion in RAN4
In last RAN4 meeting, there were some discussion on possible solutions for the SCell dropping issue, and an LS was sent to RAN1 which identifies the reason causing the issue and there are some questions for clarification by RAN1. 
	In TS 38.213, the transmission priority rule for CA is specified based on physical channel, and also with: “In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell”. Thus, the UE is always required to drop the power on cell with lower priority when the configured power on cell with high priority occupies all power ability of the UE. 
In order to advance the above discussions, RAN4 would like to ask RAN1 following questions:
Question 1: Whether UE drop Scell power according to the priority rule defined in 38.213 is considered as an issue from RAN1 perspective.
Question 2: Whether UE drop Scell power according to the priority rule defined in 38.213 has been addressed from 16 or 17? If not, what expected solution(s) are?
Question 3: If the problem above is solved in RAN4 specifications with solution by higher layer configuration, e.g. introduce additional UE-specific configuration of power limits on Pcmax,f,c for each CC to prevent SCell dropping (see e.g. R4-2112826 or R4-2114551 for details), is there any expected RAN1 spec impact or possible conflict with UE behaviour defined in RAN1 specifications?



The proposal in [2] is to introduce a power limit for the configured maximum power Pcmax,f,c for the serving cells with PCMAX,f,c. With the power limit for PCell, there would be reserved power for SCell transmission. The proposal in [3] is to introduce power difference between PCell and SCell, and the power could be rescaled according to the difference if the summed power of PCell and Scell exceeds the total available power. 
These proposed solutions are to make changes of the output power of PCell and SCell essentially, which may result in the large difference of power spectrum density among different CCs for intra-band CA, however, it is known that equal PSD is the assumption for defining the MPR/A-MPR requirements for intra-band CA. 
Solution to avoid SCell dropping 
For intra-band contiguous CA, co-location deployment is the typical scenario. Take the PUSCH as an example, the power control formula is copied as below:
[image: ]
The pathloss for PCell and SCell would be similar even if they may not be exactly the same for intra-band CA. The configured power is determined by the UE, but from network (NW) perspective, the PSD is not expected to be quite different for PCell and SCell with the configured P0 parameter.  
It is also known that the MPR/A-MPR requirements are specified with the assumption of same PSD for intra-band CA. Though the NW cannot decide the configured output power, the NW can still provide some information to facilitate the UE to configure the output power for PCell and SCell with equal PSD as much as possible. 
For PCell and SCell con-current transmission, the NW does not know the actual total backoff used by UE, as total PCMAX for CA is not reported to NW, but if CA is configured for the UE, the NW has the information of the RB resource allocation for PCell and SCell(s). If the available power is distributed equally for the allocated RBs among different CCs, the equal PSD condition among CCs can be ensured. However, the power control mechanism with high priority for PCell is already there in RAN1 spec, to fulfill the purpose of equal PSD power distribution at UE side, the power limits for PCell and SCell should be considered by NW, in other words, power distribution among PCell and SCell proportionally should be considered at NW side according to the RB resource scheduling info for CCs, and the power ratio for PCell and SCell(s) can be configured to UE. The power ratio can be configured via RRC on UE specific basis, and enable/disable via DCI or MAC-CE for fast adaption of the dynamic RB resource allocation for PCell and SCell(s). 
Following figures show the possible power ratio cases for different RB allocations for PCell and SCell. 
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Figure 1 Power ratio with 50% vs 50% for PCell and SCell for configured power
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Figure 2 Power ratio with 75% vs 25% for PCell and SCell for configured power
For the case when there is no SCell transmission, the power ratio for PCell could be 100% and all the available power can be configured to PCell.
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Figure 3 Power ratio with 100% vs 0% for PCell and SCell for configured power
In addition, if the NW decides to allocate higher power for PCell, the delta can be reflected in an intentionally higher power ratio for PCell. To consider the no larger than 6dB PSD difference, the ratio granularity could be with 25% step, but if more reflects the real resource allocation among different CCs, the ratio could be smaller. No matter which ratio granularity could be, the power ratio should be considered together among all CCs. 
As the configured output power of PCMAX,f,c and PCMAX depends on different power backoff, for the case where sum of PCMAX,f,c for all CCs is lower than PCMAX for CA before the power ratio is applied, then the power ratio should be disable. On the other hand, due to the adjusting of PCMAX,f,c with power ratio, the lower bound of PCMAX may need to be changed as well. To avoid less impact to the configured output power, the max power ratio could be used to adjust the lower bound of PCMAX. 
Proposal 1: It is proposed to consider the SCell dropping solution taken the MPR/A-MPR requirements with same PSD assumption into account. 
Specification changes
Using intra-band CA as an example, the changes should affect the following clauses.
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The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) } + 10 log10 pratio,f,c
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass } + 10 log10 pratio,f,c
where
	PEMAX,c is the value given by either the p-Max IE or the field additionalPmax of the NR-NS-PmaxList IE, whichever is applicable according to TS 38.331[7];
	PPowerClass is the maximum UE power specified in Table 6.2.1-1 without taking into account the tolerance specified in the Table 6.2.1-1;
	When  the IE powerBoostPi2BPSK is set to 1, PEMAX,c is increased by +3 dB for a power class 3 capable UE operating in TDD bands n40, n41, n77, n78, and n79 with PI/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and 40% or less symbols in certain evaluation period are used for UL transmission when PEMAX,c ≥ 20 dBm (The exact evaluation period is no less than one radio frame).
	When the IE powerBoostPi2BPSK is set to 1, ΔPPowerClass = -3 dB for a power class 3 capable UE operating in TDD bands n40, n41, n77, n78, and n79 with Pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and 40% or less slots in radio frame are used for UL transmission.
	ΔPPowerClass =
-	3 dB for a power class 2 capable UE or 6 dB for a power class 1.5 UE when P-max of 23 dBm or lower is indicated; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50%; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); 
-	3 dB for a power class 1.5 capable UE when P-max of between 23 dBm and 26 dB is indicated; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is between 25% and 50%; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is between maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC2-FR1/2 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame);
-	3dB when the UE is configured with SUL configurations and the requirements of default power class are applied as specified in sub-clause 6.2C.1 on the band where UE indicates power class 2; 
-	0 dB otherwise;
[bookmark: OLE_LINK17][bookmark: _Hlk79148804]	pratio,f,c is the power ratio configured for UE maximum output power PCMAX,f,c for carrier f of serving cell c indicated in the IE [powerRatioforCA] for serving cell c and is activated by DCI or MAC-CE; pratio,f,c is 100% if transmission in a slot for serving cell c is not overlapping with transmissions on any slot of another serving cell of the CA configuration or if the IE [powerRatioforCA] is absent.
<Next Change>
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For uplink carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c for serving cell c and its total configured maximum output power PCMAX.
The configured maximum output power PCMAX,c  on serving cell c shall be set as specified in clause 6.2.4, but with MPRc = MPR and A-MPRc = A-MPR with MPR and A-MPR as determined by subclause 6.2A.2 and 6.2A.3, respectively. For PH reporting the following exception applies: if the UE is configured with multiple uplink serving cells, the power PCMAX,c  used for the purpose of PH reporting on first serving cell c = c1 does not consider for computation of the PH report transmissions on a second serving cell c2 as exempted  in subclause 7.7.1 in [8]. There is one power management term for the UE, denoted P-MPR, and P-MPR c = P-MPR. 
The total configured maximum output power PCMAX shall be set within the following bounds:
	PCMAX_L ≤ PCMAX ≤ PCMAX_H
For uplink intra-band contiguous carrier aggregation when same slot pattern is used in all aggregated serving cells, 
	PCMAX_L  = MIN{10 log10 ∑ pEMAX,c  - TC , PEMAX,CA,(PPowerClass,CA– ΔPPowerClass,CA) – MAX(MAX(MPR, A-MPR) + ΔTIB,c + TC + TRxSRS, P-MPRc ) } + 10 log10 pratio
	PCMAX_H  = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA ,PPowerClass,CA– ΔPPowerClass,CA }
where 
-	pEMAX,c is the linear value of PEMAX,c which is given by IE P-Max for serving cell c in [7];
-	PPowerClass is the maximum UE power specified in Table 6.2A.1.1-1 without taking into account the tolerance;
-	MPR and A-MPR are specified in clause 6.2A.2 and 6.2A.3, respectively;
-	ΔPPowerClass,CA = 3 dB for a power class 2 capable UE when 10 log10 ∑ pEMAX,c of 23 dBm or lower is indicated; or when PEMAX,CA  of 23dBm or lower is indicated; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the percentage of total uplink symbols transmitted on all UL CCs in a certain evaluation period is larger than 50%; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of total uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); otherwise ΔPPowerClass,CA = 0 dB;
-	TIB,c is the additional tolerance for serving cell c as specified in clause 6.2A.4.2 for NR CA, clause 6.2C.2 for SUL, or TS 38.101-3 clause  6.2B.4.2 for EN-DC; In case the UE supports more than one of band combinations for CA, SUL or DC, and an operating band belongs to more than one band combinations then
a)	When the operating band frequency range is ≤ 1 GHz, the applicable additional ∆TIB,c shall be the average value for all band combinations defined in clause 6.2A.4.2, 6.2C.2 in this specification and 6.2B.4.2 in TS 38.101-3 [3], truncated to one decimal place that apply for that operating band among the supported band combinations. In case there is a harmonic relation between low band UL and high band DL, then the maximum ∆TIB,c among the different supported band combinations involving such band shall be applied
b)	When the operating band frequency range is > 1 GHz, the applicable additional ∆TIB,c shall be the maximum value for all band combinations defined in clause 6.2A.4.2, 6.2C.2 in this specification and 6.2B.4.2 in TS 38.101-3 [3] for the applicable operating bands.
-	P-MPR is the power management term for the UE;
-	TC is the highest value TC,c among all serving cells c;
-	∆TRxSRS is the highest value among all serving cells c;
-	PEMAX,CA is the value indicated by p-NR-FR1 or by p-UE-FR1 whichever is the smallest if both are present.
-	pratio is the maximum ratio configured for uplink serving cells c if the IE [powerRatioforCA] for serving cell c is present and is activated by DCI or MAC-CE for carriers f of all serving cells c configured with pratio,f,c as specified in clause 6.2.4, pratio =100% otherwise.
Similar changes can also be applied for FR1 inter-band CA. 
For FR2, currently only intra-band UL CA is specified. There is no Pmax introduced on setting Pcmax or Pumax or Ptmax, because it is hard for FR2 UE to accurately configure the output power within a limited range in each direction. FR2 CA Pumax is specified within the range of min peak EIRP to max EIRP(e.g. 22.4dBm~43dBm for PC3), it is even tougher to limit UE output power on each CC in a relative accurate range in different directions. Though we think that the same solution can be extended to FR2 as well, but we think SCell dropping issue can be discussed later after solution for FR1 is solid enough. 
Proposal 2: Spec changes for FR2 should be further considered after the SCell dropping solution for FR1 is solid enough.
Test aspect
Test aspect has been discussed in last RAN4 meeting as well. It is noted that new Pumax requirement on each CC is proposed in [2] for FR1 CA. With the large amount band combination introduced in basket WIs, such new ‘Pumax’ requirement would introduce large verification cases, which would add big burden to the industry. Thus, we propose to avoid adding test case when consider the solution to ‘scell dropping’ issue.
Proposal 3: RAN4 should avoid to add additional test case when consider the solution to ‘scell dropping’ issue.
Conclusion
This contribution provides analysis for the SCell dropping issue and a solution with NW configured power ratio is provided. The ratio is determined according to resource allocation for PCell and SCell(s), and it can maximise the possibility that the PSD among different CCs could be same, which is aligned with the assumption in defining the MPR/A-MPR requirements for intra-band CA. The power ratio can be configured by RRC while activated/deactivated via DCI or MAC CE.  
Proposal 1: It is proposed to consider the SCell dropping solution taken the MPR/A-MPR requirements with same PSD assumption into account. 
Proposal 2: Spec changes for FR2 should be further considered after the SCell dropping solution for FR1 is solid enough.
Proposal 3: RAN4 should avoid to add additional test case when consider the solution to ‘scell dropping’ issue.
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